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Abstract 
Preliminary mathematical analysis of miscellaneous production data is presented in the paper. Research shows how strong is the 
impact of each parameter on the information picture of the enterprise. The article describes how critical deviations of production 
characteristics from the normal values can be timely identified. An algorithm based on least squares method, which allows to 
increase the efficiency and accuracy of identifying problematic situations in production is developed in the course of research. 
Experimental research of the developed algorithm is carried out by four metrics. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Every company tries to increase its profits in the modern world of the market economy. Automation and 
modernization of the production process, minimization of costs and personnel are way to achieve the profitability of 
each enterprise. Mostly modernization requires serious private investments [1-3]. 
Implementation of automation on modern livestock enterprises is a difficult and lengthy process because there are 
a large number of intelligent information systems for production control. These systems are designed to improve the 
quality of milk, achieve full control of the herd, increase productivity and increase farm profitability in the future. 
The choice between intelligent systems is a difficult process because the market contains a large number of 
analogues. There is no one system with full functionality for solving all tasks of the enterprise. Therefore, farms 
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have to purchase multiple systems, which together allow them to automate the processes of production. But they 
partially duplicate each other, have different mechanisms for managing, storing information, user interaction, and 
are incompatible with each other. It is necessary to integrate the information systems. This task is time consuming 
and expensive and in most cases fails or is not seen through to the end.  Lactivator, NedapAgri BV, Groenlo, Alpro, 
DeLaval, Tumba are providers of this system. The existing system is fragmented and does not have a single 
intelligent mechanism, including cumulative analytical data processing [4]. Ultimately, the full automation of the 
livestock enterprise is impossible because there is no system that can simply utilize all of the enterprise components 
together. 
There are many applied tasks that require solutions, using scientific methods and approaches in the enterprise. 
For instance, it is logical for farmers to aspire to select more productive animals to continue the herd. There is also 
the problem of determining the maximum activity of the animal in the postpartum period, because the probability of 
successful insemination is higher in this period [3,5]. All these problems can be solved by the intelligent analysis of 
miscellaneous data in the workplace. Thus, the preliminary task is the primary analysis of enterprise data using 
mathematical and statistical methods, and also methods of the probability theory. 
2. Analysis of production factors 
Large data volumes from each animal’s censor come into automated information management systems on a large 
livestock enterprise. Let us consider a set of factors traditionally used to diagnose the state of cows (Table. 1). Each 
of these factors is used to analyze the condition of the animal. 
        Table 1. The main parameters for monitoring cows’ conditions. 
Characteristic’s name Unit of measure 
Daily milk yield Liters 
Average activity of the animal Steps / hour 
Milking time Seconds 
Conductivity Millisiemens or 
Ohm 
Weight of the animal Kgs 
 
Daily milk yield and milking time influence decision-making processes for the selection of animals. Fluctuations 
in daily milk yield may indirectly indicate problems with animal health or the equipment of the enterprise. If the 
index of the daily milk yield is 4-5 liters less than the previous value, the animal state is getting worse and the 
operator must know about it and react in time. 
The average activity of the animal is a direct indicator of the health of the animal’s activity. This parameter is 
important for determining estrous in the animal’s post-natal period. The conductivity of the milk influences 
viscosity, i.e. the product quality. Deviation from the norm of this factor may indicate possible hidden diseases, such 
as mastitis. Additional results from the data are shown in Table 1.  The hypothesis was made that the data conforms 
to the normal law of distribution. Pearson's chi-squared test (Ȥ2-test) was used to test this hypothesis. 
The null hypothesis shows that the sample and theoretical distribution are identical. The hypothesis is tested by 
comparing the calculated value of Pearson's chi-squared test and the value found using Pearson’s table of critical 
points of distribution. Successful confirmation of the hypothesis that the numerical series conforms to the normal 
law of distribution allows us to carry out factor analysis.  
These data need analytical research of the work systems to process the large data volume and allow a possible 
reduction of information redundancy (Table. 2). 
Factor analysis is used in this study. If there is the possibility of a value determining the parameter from research 
of other factors, it eliminates that factor from further research. Factor analysis shows the most appropriate results of 
research when data conform to the normal law of distribution. The starting material for the procedure of factor 
analysis is a correlation matrix MxM; its elements are Pearson correlation coefficients between the factors. 
Calculation of characteristic values shows the power of independence of the values of each factor from the rest. 
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The characteristic values of the matrix are sorted in descending order so that the most important factor is at the 
top (1 Column, Table 2). Normalized characteristic values show the overall contribution of each factor in the overall 
assessment of the state of the animal when the sum of the characteristic value equals 100%.  The graph shows the 
power of information completeness when, descending step by step, we exclude factors from the study. Cumulative 
values show the percentage of the loss of useful information when we exclude one or more factors. 
Table 2. Numeric data of mutual influence factors 
Characteristic  Eigenvalues % Variance Cumulative variance % Cumulative 
Weight of the animal 1,538 30,77 1,5386 30,773 
Conductivity 1,078 21,57 2,6171 52,343 
Milking time 0,975 19,51 3,5931 71,863 
Average activity of the animal 0,874 17,49 4,4681 89,362 
Daily milk yield 0,531 10,63 5 100 
 
3. Development of algorithm for determining critical parameter changes 
Analysis of data from a large number of sensors and equipment allows us to monitor the status of animals in 
automated control systems in modern livestock enterprises. Well automation and robotized milking parlors allow 
farmers to make the right management decisions, improve the quality of production and reduce costs. Generally, 
automated milking systems and enterprise management systems include subsystems for monitoring animal welfare, 
such as automatically monitoring periods of insemination. 
The purpose of the section is the development of an algorithm for the automatic monitoring of postpartum estrus 
periods based on the analysis of the cows’ daily activity. There is also problem of investigating the algorithm on real 
production activity data. Testing of the algorithm to work with data from other sensors for early detection of critical 
deviations of vital signs in other production tasks is required. Time series of animal activity in one lactation cycle is 
shown in Figure 1. 
 
Fig. 1. Graph of the animal’s daily activity 
The graph is divided into several sections. There is a stable section (A-B) and sections with critical parameter 
changes (B-C), which show the changes in the behavior of the animal. The algorithm must identify spikes in the 
period B-C. The stable section of the chart values of daily activities can be divided into two parts: trend and 
deviation from the trend (Fig. 2). The interaction between a regular component is represented as an additive 
combination of: 
 
)()()( tEtTtY   (1) 
 
where Y(t) - value of activity in experimental day t; T(t) - the trend of activity in the day; E(t) the deviation from the 
trend. 
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Fig 2. The decomposition of the time series of the production parameters on the trend and deviation from the trend 
 
Trend T(t) shows the basic tendency of change in daily activity of the animal over time.  The straight line on the 
plane is defined by two parameters k and b. So the trend is described by the following mathematical formula taking 
into account the approach: 
 
T(t) = ktt + bt, (2) 
 
where k and b - coefficients of direct the trend line in the retrospective period. 
The most commonly encountered method of approximation of the time series function values is the method of 
least squares. k and b should be such that the trend line as much as possible approaches the point values of the time 
series. To solve this problem the least squares method is used. The mathematical condition for the method 
implementation is to minimize the sum of squared deviations daily distance from the trend line: 
 
¦ o tTtY min))()(( 2  (3) 
 
The most probable value of the next day’s activity can be predicted if the parameters of the trend line are found. 
Predicted value is the future benchmark for the detection of extremely high or low activity. Some deviations in the 
graph are not right. The search for such deviations is performed using the three sigma rule. 
We shall accept x as a current day observation of the animals. Let us assume D is the count of days in the 
retrospective period. The search algorithm for determining spikes and dips in animal data that indicate possible 
problems at the current time is designed according to a mathematical model. It consists of the following stages: 
1. Method of least squares may determine coefficients of k and b the changes in the trend line of the 
investigated parameters on retrospective interval [x-D, x-1] satisfying the equation (3). 
2. Function values calculated by the formula T(t) = kxt + bx to the retrospective period [x - D, x - 1]. 
3. Function values E(t) on a retrospective period is calculated using the formula (1). 
4. Expected predictive value for the current day T(x) is defined by the formula (2). 
5. The standard deviation ı of function values E(t) is evaluated on a retrospective period. 
6. If Y(x) -T(x) > 3ı, it indicates a spike in the parameter. 
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7. If T(x) -Y(x) > 3ı, it shows a sharp decline in the value of the parameter. 
Fig. 3. The decomposition of the time series of production parameters on the trend and deviation from trend 
Received thresholds using developed adaptive algorithm are visually shown in Fig. 3. Only the values of biggest 
bursts and dips that describe the changing state of the cows are outside the received boundaries. 
Data for the research was received from 100 cows over the 330 days period from five sensors measuring 
parameters. The results of the algorithm were evaluated by four criteria. This is the most popular criteria when 
expert opinions are compared with the results of the algorithm work. These criteria are completeness, accuracy, F-
measure and identification of the error deviation (Table 3). 
Table 3. Experimental evaluation algorithm for detection of deviations. 
Parameter  Recall Precision F-measure Error 
Average daily activity 92,8% 94,9% 93,8% 0,34% 
Animal weight 98,9% 89,7% 94,1% 0,35% 
Conductivity 98,0% 93,5% 95,7% 0,26% 
Milking time 94,9% 97,9% 96,4% 0,23% 
Daily milk yield 94,7% 98,2% 96,5% 0,23% 
4. Conclusion 
Analysis of the results shows that even if we exclude the most insignificant factor of the study, we lose more than 
10% of useful information. This value is required for a finding of rational or optimal solutions to specific task 
management and execution of management activities. 
A new algorithm for identifying unplanned peaks in parameter values based on the three sigma rule and least 
square method is received in the paper. The percentage of error detection periods of deviation from the norm is less 
than one; that is significantly lower than analog systems. Numerical evaluation of the completeness and accuracy of 
the algorithm is more than 90%. This result applies to all parameters of research and is the highest rate for potential 
use in the enterprise.  
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